Abstract-In this paper, an approach to generate multi-wing attractors in coupled chaotic systems is investigated. By coupling two identical Lü systems, novel four-wing hyperchaotic attractors are generated. In particular, novel four-wing hyperchaotic attractors are also generated by coupling a lorenz system and a Lü system. The paper shows that the equilibria of the proposed systems have certain symmetries with respect to specific coordinate planes. In addition, general hybrid projective dislocated synchronization between the two proposed systems is discussed, and this synchronization is applied to secure communication through chaotic masking, using the chaotic signal to mask a continuous signal and a discrete signal. In consideration of interfering random white noise, analyzes the characteristics of noise and then presents a de-noising method using wavelet transform. Simulation results show that the two systems can realize synchronization, further more, the information signal can be recovered undistorted when applying this method to secure communication.
I. INTRODUCTION
In 1963, Lorenz found the first chaotic attractor in a three-dimensional (3D) autonomous system when he studied atmospheric convection [1] . As the first chaotic model, the Lorenz system has become a paradigm of chaos research.
Later, Rösslor [2] constructed an even simpler 3D chaotic system. Lü and Chen [3] surveyed the subject on generation of the multi-scroll chaotic attractors, including some fundamental theories, design methodologies, circuit implementations, and practical applications. The proposals of new chaotic systems and the enhancement of existing chaotic attractors to generate more complex dynamics and topological structure are very important in the field of chaos theory and its application [4] [5] [6] [7] [8] [9] .
This paper provides a contribution to the topic of multi-wing attractors by introducing novel four-wing hyperchaotic attractors generated by coupling two identical Lü systems. This paper shows that the fourwings of the proposed attractors are located around the four equilibria with two pairs of unstable complexconjugate eigenvalues, and the equilibria have a number of symmetries with respect to specific coordinate planes. Analyse the novel four-wing hyperchaotic attractors generated by coupling a lorenz system and a Lü system. In addition, a general controller is proposed for the general hybrid projective dislocated synchronization of two different hyperchaotic systems. There are also few works about the secure communication through hyperchaotic synchronous systems. So we use the systems mentioned above, study the transmission of a continuous signal and a discrete signal through chaotic masking. Considering the noise in existence in the chaotic system, we study the random white noise perturbing for the signal. In addition, eliminate noise using wavelet transform. Simulation results show that the proposed scheme has the characteristics of simple design, fast synchronized speed and high security. The paper is organized as follows: In Section 2, an analysis of the proposed system is conducted. It is shown that the system possesses nine equilibria, which are symmetric with respect to certain coordinate planes. In Section 3, it is shown that the new hyperchaotic attractors by coupling a lorenz system and a Lü system. General hybrid projective dislocated synchronization of the two hyperchaotic systems is shown in Section 4. Section 5 shows the secure communication through two hyperchaotic synchronous systems. Finally, conclusions are drawn.
II. FOUR-WING HYPERCHAOTIC ATTRACTORS BY COUPLING TWO IDENTICAL LÜ SYSTENS
The proposed system is obtained by coupling two identical Lü systems as follows 2  2  2  2   1  1  2  2  2  2  2   2  2  2   1  1  1  1   2  2  1  1  1  1 
B. Equilibria
By solving the equilibrium equations derived from system (1), it can be seen that the coupling coefficients 1 k and 2 k do not affect the values of the equilibria. Namely, the equilibria of system (1) 
, the dissipativity of system (1) can be evaluated. Namely, the divergence of the vector fieldV is
, indicating that the system trajectories have a contracting behavior.
In order to reveal some interesting features of the attractor depicted in Fig. 2 , its projection on the ) , ( 2 1 x x plane is considered (Fig. 2) . First of all, note that the projections onto the ) , ( plane of the equilibria (4) are
. This means that the pair { } 
A. Generation of four-wing hyperchaotic attractors
In order to retain the nature of the basic Lü subsystem, the coupling parameters 1 k and 2 k are weak, too. By taking the original systems parameters and 02 .
, system (7) generates the fourwing attractor reported in Fig. 3 . In particular, Fig. 3a 
B. Equilibria
By solving the equilibrium equations derived from system (7), it can be seen that the coupling coefficients 1 k and 2 k do not affect the values of the equilibria. Namely, the equilibria of system (7) are obtained by combining the equilibria of the first subsystem, that is )
and the second subsystem, that is
Therefore, the six-dimensional system (7) possesses nine equilibrium points in the form ) , ( 2 0
C. Symmetry and invariance System (7) 
, they are symmetrical with respect to the 1 z axis and 2 z axis, respectively. By virtue of the invariance (11), the equilibria (8)- (10) have the same symmetries with respect to certain coordinate planes. Namely, the two equilibria 5 S and 8 S , the two equilibria 6 S (7) can be evaluated. Namely, the divergence of the vector fieldV is Therefore, in order to assure that system (7) 
In order to reveal some interesting features of the attractor depicted in Fig. 4, its (Fig. 4) . First of all, note that the projections onto the ) , ( 
Therefore the pair { } , S S are symmetric pairs with respect to the origin (see Fig. 4 ).
IV. GENERAL HYBRID PROJECTIVE DISLOCATED SYNCHRONIZATION OF THE TWO HYPERCHAOTIC SYSTEMS
In this section, general hybrid projective dislocated synchronization method is designed to achieve synchronization.
A. General scheme description for general hybrid projective dislocated synchronization
Consider a drive system ) (x f x = (12) and a response system ) , is a controller to be designed later.
Definition. For the drive system (12) and response system (13), it is said that the drive system (12) and response system (13) are general hybrid projective dislocated synchronization (GHPDS), if there at least exists a nonzero constant, such that 0
Then such that V is negative definite. Then, based on the Lyapunov's direct method, the GHPDS of chaotic system (12) and (13) is achieved under the certain chosen feedback controller ) , ( x y u .
B. Numerical examples
We assume that the system(1)is the drive system, and the system (7)is the response system 11  11  22  22  22  5  5   6  1  4  22  4  4   3  2  3  3  2  3  11  11  3  3   2  1  2  2  2  2   22  22  11  11  11  2  2   1  2  1  11  2  1 To verify and demonstrate the effectiveness of the proposed method, the fourth-order Runge-Kutta method is used to solve the systems with time step size 0.001. Assume that the initial condition (  (   22  22  22  11  11  11 z y x z y x
are employed, and we assume
. Synchronization of the systems (1) and (15) via adaptive control law are shown in Fig.(5) . Fig.(5) shows the synchronization errors of systems (1) 
V. SECURE COMMUNICATION USING THE GENERAL HYBRID PROJECTIVE DISLOCATED SYNCHRONIZATION METHOD

A. The secure communication theory
Our method is based on general hybrid projective dislocated synchronization, the basic secure communication theory based on chaos synchronization is that the message signals is mixed to the chaos drive signal to be the pretend transmitted signal, which is transmitted to the receiver. The information signal is recovered through decoding in the synchronized receiver. The equation and the parameters of the response system can be the cipher. This method is shown in Fig. 6 . 
B. Analyzing the continuous signal with random white noise perturbation
In order to analyze the noise resistance effect for the signal, we consider the random white noise, as is shown in Fig.7 . 
) ( ) ( ) ( ) s t i t x t n t
is random white noise. From Fig.6 and system (15) be the receiver Fig.8 (a) and (b), we can see the time series of 1 x and the continuous signal ) (t i ; The transmitted signal ) (t s without noise is shown in (c); The transmitted signal ) (t s with noise is shown in (d); Fig.8 (e) depicts the recovery of information noised-signal ) (t i . Fig.8(f) and system (15) be the receiver The steps of threshold de-noising method based on wavelet transform usual briefly described as (1) Obtaining wavelet coefficients W by selecting suitable wavelet and make decomposition of original signal.
(2) Calculating wavelet threshold and selecting suitable threshold method, then, chose wavelet coefficients in order to get new wavelet coefficient δ W . (3) Obtaining signal after de-noising by making inverse wavelet transform to wavelet Coefficient δ W . Process the noised-signal as mentioned above. With the Matlab, the effects of do-noising could be analysis. After threshold de-nosing, reconstruct the de-noising signal in order to highlight the trend of original signal and keep up its smooth and similarity. Fig.10 and Fig.11 present the recovered continuous and discrete signals after wavelet de-noising. 
VI. CONCLUSIONS
The paper studied novel four-wing hyperchaotic attractors produced by two coupled Lü systems and novel four-wing hyperchaotic attractors produced by coupling a lorenz system and a Lü system. This paper has shown that the equilibria have a number of symmetries with respect to specific coordinate planes. The proposed approach involving coupled chaotic systems presents some advantages: it is straightforward, and it is possible to generate hyperchaotic attractors. In addition, general hybrid projective dislocated synchronization of the two hyperchaotic systems is discussed, simulation results show that the method can realize monotonous synchronization for the two hyperchaotic systems. The chaos-based secure communication system is designed through the so called chaotic masking method, the information signal is added to one of the chaotic output to form one of the transmit signal. In addition, reconstruct the original signal using wavelet De-Nosing.The simulations show that the proposed approaches have good performances.
